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A bstract 

In the laboratory of plant physiology of the University of Queensland (Gatton 
Campus), a seed germination experiment was undertaken on seeds of two 
Australian native plant species - Rhodanthe floribundato and A cacia aneura. Most 
Acacia, including A. aneura exhibit a physical dormancy due to the waxy coat 
covering the seed. Comparably, just a few species of Rhodanthe are studied as to 
their dormancy. However, they are also known to present different forms of 
dormancy. To understand and describe these dormancy mechanisms, a seed 
germination experiment was conducted on Acacia aneura and Rhodanthefloribunda. 
Th i s experi ment w i 11 ei ther ad d to the exi sti ng know I ed ge regard i ng these sped es' 
dormancy or corroborate them. It is expected that both species display some 
form(s) of dormancy. 
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1. Introduction 

Germination constitutes an early stage of development for most naturally growing plants. A widearray of 
plant species, however, exhibitgermi nation blocks termed dormancy. Fivetypes of dormancy are id entitled: 
physiological, morphological, morpho-physiological, physical and combinational dormancy (Baskin and 
Baski n, 2004). To determi ne whattypeof dormancy a particular seed speciesexhi bit, a specific set of experi merits 
are performed. In the laboratory of plant physiol ogyofthellniversity of Queensland (Gatton Campus), a seed 
germi nati on experi ment was u nd ertaken on seed s of two A ustral i an native pi ant sped es - R hodan the floribundato 
and A cacia aneura. 

Dormancy across the4 cac/'a genera and ways to overcome it are well documented through a number of 
studies. Someof these indude4cac/acai/en (Escobar eta/., 2010), A cad a torti I is, A cad a oerfota (A bari eta/., 2012), 
A cacia aroma, A. cavenand and A. Furcat/sp/na(Funesand Venier, 2006). M ostA cacia, including^, aneura exhibit 
a physical dormancy due to the waxy coat covering the seed (Auld, 1986; and Al-M udaris et a/., 1999). 
C omparabl y, j ust a few sped es of R hodan the are stu d i ed as to thei r d or mancy ( H oyl e et a/., 2008) . H ow ever, 
they arealso known to presentdifferent forms of dormancy (Bunker, 1994). To understand and describe these 
dormancy mechanisms, a seed germination experiment was conducted on A cacia aneura and Rhodanthe 
floribunda. This experi ment will either add totheexisting know I edge regarding these species' dormancy or 
corroborate them. It isexpected that both speciesdisplay someform(s) of dormancy. 
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2. Materials and Methods 

R hodanthe floribunda seeds used for thisexperi merit were provided by theCenter for N ative Floricultureof the 
U ni versity of Queensland, whilethoseofA cad a aneura werecol lected from theN indethana seed service. 

Theseed germination trial was conducted in the pi ant physiology laboratory of theUniversity of Queensland, 
Gatton campus. Seeds were first sterilized in 2% sodium hypochlorite for 2 to 3 minutes, rinsed in sterile 
distilled water and placed on 2 sheets of moistened filter paper in a Petri dish. The petri dishes were then 
carefully sealed with parafilmand incubated at25°C. 

Thetrial was a completely randomized desi gn of sixtreatmentswith eight replicates: intact seeds moistened 
with water (the control); scarified moistened seeds; intact seeds soaked inGA 3 atl00mgL 1 for24h; and two 
I ight levels (I ight and dark). For thedark treatments, dishes were covered with an al u mi num foil. A cacia seeds 
were scarified by making incisions on theseed coat at the opposite side of the embryo using N°10 seal pel 
blade. Seeds of Rhodant/ie were too small to be scared and therefore, this treatment was not considered for this 
sped es. The d i shes were then i ncu bated at 25°C. 

A day eight fol Iowi ng i ncubation, the petri d ishes were i nspected for si gns of germi nati on or contami nati on. 
A seed was considered to have germinated when the radicle emerged from theseed coat. Contaminated seeds 
with fungi or bacteria werediscarded. For each treatment, the number of contaminated and germinated seeds 
was recorded. With dark treatments, the aluminum foil was carefully and quickly peeled off to inspect for 
contamination, removal of contaminated seedsand germination count and then immediately reinstate. Petri 
dishes were all resealed and returned to the incubation room (25 °C). The week after, all Petri dishes were 
removed from their covers, checked for contamination and germination count. 

Therecorded data were statistically analyzed using the statistical software package R. The effects of the 
various treatments were assessed bytheANOVA followed by the Least Significant Difference test for means 
comparison at the probability level of p <0.05. 

3. Results 

3.1. A cacia dormancy 

3.1.1. E ffect of light on dormancy 

A cacia aneura displayed a positive response to dark eight days fol lowi ng i mbi bition. The germi nation rate of 
i ntact and GA 3 treated seeds in thedark was twice as much as i n the I ight (T able 1). Scarified seeds i ncu bated 
in thedark recorded a higher germination rate(80%) compareto light incubated seeds (57.5%). Fifteen days 
later, there was no significant difference for both light levels except for theGA 3 treatment (57.5% i n dark and 
35% in light). 


Table 1: Effect of scarification, GA 3 and light/dark on percentage germination at 8 days and 15 days from 
imbibition on Acacia aneura 


Periods of Observation 

from Imbibitions 

Germination (%) 

Intact (Control) 

Scarified 

ga 3 

Dark 

Light 

Dark 

Light 

Dark 

Light 

8 days from imbibition 

37.5bc 

17.5c 

80a 

57.5ab 

40bc 

17.5c 

15 days from imbibition 

80a b 

65a b 

92.5a 

87.5a 

57.5bc 

35c 


Note: Treatment means within the same row followed by the same letter(s) are not significantly different at p < 0.05. 


3.1.2. Effect of Scarification on D ormancy 

Scarifi ed A. aneura seeds germi nated faster and more than others. At the fi rst seven days of the tri al, thei r 
germi nati on rate i n both I i ght I e/el s was at I east tw i ce hi gher than the control and the G A 3 treatment (Tabl e 1). 
Se/en days afterward, scarified seedsstill recorded thehighest germi nation rates (92.5%), particularly in the 
dark. 
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3.1.3. EffectofGA 3 on Dormancy 

The GA 3 treatment had a negative effect on A. aneura germination especially at the second period of the 
experi ment. Thegermi nation rate of this treatment was about half the rateof i ntact seeds (control) independent 
ofthelightle/el. 

4. Rhodanthe dormancy 
4.1. E ffect of light on dormancy 

R. f/or/bunda seeds responded positively to light. Eightdaysand 15 days from incubation, the number of intact 
seeds (control) germinated inthelightwasnearlysixtimesasmuchasinthedark(Table2). Irrespectiveofthe 
treatment and the period, germi nated seeds i n the I i ght were at about tw i ce or hi gher as much as i n the dark. 
Furthermore, thehighest germi nation rate(100%) was recorded on seeds incubated inthelight. 


Table 2: Effect of GA 3 and light/dark on percentage germination at 8 days and 15 days from imbibition on 
R hodanthe floribunda 


Periods of Observation 

from Imbibitions 

Germination (%) 

Intact (Control) 

ga 3 

Dark 

Light 

Dark 

Light 

8 days from Imbibition 

5c 

27.5b 

32.5b 

80a 

15 days from Imbibition 

12.5c 

52.5b 

57.5b 

100a 


Note: Treatment means within the same row followed by the same letter(s) are not significantly different at p < 0.05 


4.2. Effect of G A 3 on dormancy 

R. floribunda seeds reacted positively to GA 3 treatment. At thefirst period of the trial, the germi nation rateunder 
this treatment was threefold that of the control for light incubated seeds, and up to sixfold for dark incubated 
seed s. A t the second per i od of observati on, the rate of G A 3 treated seed s i n I i ght was al most tw i ce as much as 
in the control. 

4.3. Seed contamination 

Seed contamination was monitored during the whole trial. Eight days from incubation micro-organisms 
began infesting seeds in petri dishes. Atthesecond period, contamination kept progressing mostly on4 cacia 
(Table3). TUeRhodanthe contamination remained quitestableover both periods with a little increase of the 


Table 3: Seed contamination rate at 8 and 15 days from imbibition of two Australian native species 


Species 

Periods of 

Observation 

from 

Imbibitions 

Germination (%) 

Intact (Control) 

Scarified 

ga 3 

Dark 

Light 

Dark 

Light 

Dark 

Light 

Acacia aneura 

8 days 

2.5a 

2.5a 

0a 

5a 

2.5a 

12.5a 

15 days 

7.5a 

7.5a 

2.5a 

2.5a 

2.5a 

17.5a 

Rhodanthe floribunda 

8 days 

7.5a 

2.5a 



5a 

0a 

15 days 

12.5a 

2.5ab 



5a b 

0b 


Note: Treatment means within the same row followed by the same letter(s) are not significantly different at p < 0.05. 
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contamination rateof dark incubated intact seeds. However, these arejust tendencies si nee no major significant 
d i fference w as noti ced over both per i od s and across treatments except betw een the R hod an the i ntact d ark 
incubated seedsand those treated with GA 3 in the light, 12.5%and 0% respectively. 

5. Discussion 

5.1 A cacia aneura dormancy 

Scarified seeds of 4. aneura germinated faster than the intact seeds. This result is consistent with a number of 
stud i es on A cacia dating back in the 1980's (A u Id, 1986). Pound eta/. (2014) report that mechanical scarification 
enhances^ cacia germination, with a higher percentage being achieved between lOto 15 days. A cacia seeds are 
general ly recovered with a seed coat. To germi nate, seeds need water and the seed coat recoveri ng the4 cacia 
seed is a barrier to water absorption. Scarification provides openings through which water and oxygen are 
absorbed triggeri ng i mbi bition, thefi rst germi nati on stage. It isalso likely that someother compounds i nhi biti ng 
germination are released through these openings (Pound eta/., 2014). Howe/er, not al I A cacia exhibit physical 
dormancy dueto seed coat for Schelin (2004) found that Acacia macrostachy a lacked physical dormancy and 
could germi nate properly under favorableconditionsdespiteits seed coat. 

Thedarkness promoted Acacia germi nation. Although it is established that seeds with physical dormancy 
do not exhi bit any sensitivity to I ight (Baski n and Baski n, 2004), our observations contradict this assumption, 
parti cuI arIy d u ri ng thef i rst week fol Iow i ng i ncubation. 

The germi nation percentage of A cacia seeds was lower when treated with GA 3 . GA 3 appears to bean 
inhibitor of A cacia germination. Although the control and theGA 3 treatment werequite similar a week after 
incubation, a significant difference was noticeable a week later, with GA 3 treated seeds displaying a lower 
germi nati on rate. Th i s i nd i cates that G A 3 si ow s d ow n or bl ocks4 cacia germi nati on. 

5.2. R hodanthe floribunda dormancy 

R hodanthefloribunda seeds responded to light as well asGA 3 , an indication that dormancy mechanisms may be 
control led by both factors. This corroborates other fi ndi ngs on Asteraceato which theR hodanthe genera belongs 
to. For example, M erritt (2006) noted that Gibberel lie acid (or GA 3 ) and I ight stimulated the germi nati on of 
someAustralian Asteracea seeds. Similarly, Bunker (1994) reported thegermi nation stimulating effects of GA 3 
on Rhodanthe moschata and Rhodanthe polygalifolia as well as that of light on Rhodanthe humboldtiana and 
R hodanthe stricta. In somedormant seeds, germination istriggered by light which activates phytochromes. 
Phytochromes seem to control thesynthesisof Gibberellins (Bewley, 2013). Gibberel I ins concentrations usually 
i ncreased u ri ng germi nati on to su pport acti ve cel I enl argement by control I i ng thetranscri pti on of genes encod i ng 
hyd rol i c enzymes. U pon acti vati on of these genes by G i bberel I i ns, enzymes are rel eased i nto the end osperm to 
decompose proteins and starch into nutrients assimilated by thedeveloping embryo (Hopkins and Huner, 
2009). Similar biochemical processes might have occurred i n G A 3 treated R hodan the seeds i ncu bated inlight, 
suggesti ng that the concentration levels of G i bberel I i ns were I ower to spark germi nation. 

5.3. Seed contamination 

The nu mber of contami nated seeds tended to i ncreaseover ti me. R hodan the seeds were I ess su bject to i nfestati on 
than A cacia. The highest contami nati on occu rred on A cacia GA 3 treated seeds fol lowed by theR hodanthe i ntact 
seeds (control). This suggests that the sterilization with 2% sodium hypochlorite was not strong enough to 
destroy compl etely the mi crobes off theseeds or that the growth med i a were not compl etely steri I e. Therefore, 
sterrilising seeds with 4% sodium hypochlorite with theadjonction of pesticides application could prevent 
contamination. For instance, Bunker (1994) added fungicideon the petri dishes at the start of hisexperiment 
although other aseptic measures might havebeen taken to keep the medium sterile. 

6. Conclusion 

This experi ment revealed that R hodanthefloribunda and A cacia aneura present d ifferent forms of dormancy. The 
former exhibited a physiological dormancy while the later displayed a physical dormancy. Mechanical 
scarification proved effecti veto break the physical dormancy of4. aneura. How ever, this method can betime- 
consumingand risky for the embryo, particularly if done manually on alargenumber of seeds. Consequently, 
further investigation on chemical scarification could providean alternative. To breakR. floribunda dormancy, 
seedsshould be soaked in a sol ution of GA 3 at the concentration of 100 mg L 1 for 24 h and incubated inthe 
light. Finally, to limit seed microbial contamination strict aseptic measures should becombined with the useof 
environmentally friendly pesticides. 
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